In case of cladding failure in a nuclear reactor, fission gases are released into the coolant and transported to the cover gas. Fission gas radioactivity in the cover gas is used as an indicator of fuel cladding failures(1) ") . For the evaluation of fuel failure detection effectiveness, using the fission gas radioactivity, knowledge of fission gas transport behavior is needed. This transport is usually delayed and degassing constant of corresponding halflife is used to express the transport delay. In order to obtain data on the fission gas transport behavior in a sodium system, an inpile experiment has been performed using the Toshiba Fission Product Loop (FPL) (3) . The previous results showed the existence of two kinds of degassing half-lives in the FPL(4). One was explained as special features of the experimental system, probably due to the processes near the fuel. The other was explained as a process at the sodium cover gas 
II. PRINCIPLE OF METHOD
The release of xenon isotopes from liquid sodium to the cover gas is considered to be proportional to their concentrations, i.e., number of atoms of the nuclides in liquid sodium and a degassing constant of the xenon ld, is defined by the following eauation (1) where Rl, is the release rate of xenon isotope i from liquid sodium to the cover gas and N1,, the number of nuclide i in liquid sodium. The release rate ratio of 13519(e and 135mXe R3.2(R3,2=ldNl,3/ldNl,2) is found to be as follows from Eqs. ( 5') and ( 6') : the cover gas and all the nuclear data in Eq. ( 7 ) are known. Therefore, ld can be obtained from Eq. ( 7 ) as follows :
( 8 ) Figure  1 shows the changes of release rate ratio R3,2(R 3, 2=ldNl,3/ldNl,2) with time
(ld=ln 2/T1/2,d)• The ratios are calculated from Eqs. (5) and (6), assuming N= and N= to be zero. All the nuclear data used in the above calculation are taken from the compilation by Meek & Rider(5) . As is shown in the figure, for shorter T1/2,d
values, i.e., larger l d values, the ratios reach equilibrium values more quickly.
The contributions of N= and N= to N;,2, and Nl,3 also become negligible at the time when the ratios reach equilibrium. Consequently, if ld is larger than l1, ld can be obtained experimentally by the release rate ratio of 135Xe and 135Xe, measured after the loop and cover gas conditions remaining constant for a certain time. 
III. EXPERIMENTAL
Toshiba FPL was used for the investigations. Detailed description of the FPL have been reported elsewhere"). The loop consists of two independent sodium loops ; one is for inpile experiments with natural UO2 fuel in it and the other is for sodium purification with a cold trap. Figure 2 shows a flow diagram of the inpile experimental part. Sodium in the dump tank was cleaned by the cold trap which is not presented in the figure to less than 5 ppm oxygen and then filled to the inpile loop. The reactor was usually operated for 4 hr at a reactor full power of 100 kW. Fission products were produced by the irradiation of the UO2 fuel. Some of them were released into the flowing sodium by recoil (6) . Fission gases in the flowing sodium were released to the cover gas at the expansion tank (ET). Surface area of ET was 82 cm2. Liquid sodium level at ET was kept within 7.0+0.5 cm and the total sodium volume in the inpile loop was about 2,200 cm3. Sodium flow rate of the loop was changed up to 4.5 //min. Released fission gases were transported out of the ET by a stream of fresh argon and measured with a Ge(Li) detector, connected to a multichannel analyzer. Radioactivities of 135Xe and 135Xe in the cover gas were determined using 250 and 524 keV g-peaks, which have branching ratio values of 0.80 and 0.92, respectively(7).
IV. RESULTS AND DISCUSSION
Xenon Release Rate in FPL
During the reactor irradiation of the inpile plug, the 135Xe and 135mXe g-peaks interfered with short lived fission gases, especially 138Xe, but there was no interference after 30 min from the end of irradiation and the 135Xe and 135mXe radioactivity in the flowing cover gas could be determined precisely. Ideal gas mixing behavior by the stream of argon in the ET was confirmed by model experiments using gases and water as liquid phase. The release rate of the fission gases at the ET was calculated by the radioactivity in the flowing cover gas, assuming an ideal gas mixing in the ET and the counting tank, as follows : ( 9 ) gas was corrected, however, its contribution to the 135Xe release rate was lower than 10%. In order to check the validity of the above calculation, effect of cover gas flow rate on the xenon release rate of both 135Xe and 135mXe
was measured, at cover gas flow rate of 100-600 m//min, while keeping the other loop conditions constant.
A small decrease in the release rates was observed at the lowest cover gas flow rate of 100 m//min.
However, the release rates of 200 -600 m//min flow rates showed almost the same value, within the experimental error limits. Cover gas flow rate of 200-600 ml /min did not seem to have any remarkable effect on the xenon degassing behavior and, consequently, calculation of release rate by Eq. ( 9 ) is considered to be valid for the above cover gas flow rate range.
In the following experiments, cover gas flow rates of 300 or 400 m//min were used for the determination of the xenon release rates.
Degassing Constant Ad
Release rate ratios of 135Xe and 135mXe were measured at sodium temperatures of 240~390-C, at sodium flow rate of 4.5 l/min. After holding the experimental conditions constant for more than 2 hr, the ratios became constant at each sodium temperature and showed values of 9.9 to 7.6. Degassing halflife values of shorter than 10 min are estimated for these release rate ratio values, from Fig. 1 
By taking a ratio, contributions of cover gas flow rate fluctuation and change of effective cover gas volume of the ET and the gas sampling line to the deviation of the experimental data are reduced considerably. The errors of the release rate ratio, due to standard deviation in counting and errors of efficiency calibration are estimated to be around 7%.
Errors of transport delay correction, including the error due to the calculation model, are estimated to be less than 3%. Errors of the nuclear data A, are also involved in the ratio calculation and estimated to be 0.4% for 135mXe and 0.8% for 135Xe, respectively (9) .
By summarizing all these errors, the error of the release rate ratio is estimated to be less than 9%, under the present experimental conditions. (All the errors correspond to 95% confidence level.)
As is shown in Eq. ( 8), nuclear data on the branching ratio of 135I decay to 135Xe, Y", has a strong effect on the accuracy of the obtained ld value. Feuerstein & Oschinski (8) Over-all errors of the ld values, obtained by this method, are estimated to be 40% for the degassing halflife of 4.4 min and 20% for 9.6 min, by using the above equation. Relative errors of the ld determination increase with the increase of ld (decrease of degassing half-life) and reach more than 80% at a degassing half-life of 2 min, The major contributors to the errors of ld determination are the deviation in the release rate ratio and the uncertainty of the branch. ing of 135I decay to 135Xe.
It will be possible to limit the deviation in the release rate ratio to less than 5%. In addition, assuming that the uncertainty of 135I branching ratio is 0.4% like other nuclear data, errors of the ld determination will be reduced less than 20%, even at a degassing half-life of 5 min and it is considered to be accurate enough for detailed discussions.
For the longer degassing halflife, errors are smaller, but it will take a longer time to make a transient equilibrium, also, it will be impossible to determine a degassing constant which corresponds to a degassing half-life longer than 80 min.
Effect of Sodium Flow Rate
In case of insufficient stirring of the liquid phase, degassing process is often controlled by the diffusion of gases in liquid phase toward the gas-liquid interface.
Release rate ratio of the xenon isotopes was also investigated, while changing the sodium flow rate at 390-C.
The release rate ratio showed higher value, i.e., longer degassing half-life at a sodium flow rate lower than 0.7 //min. However, the ratio showed almost the same value within the error limits at sodium flow rates higher than 1.5 //min.
The turn-over time of the sodium in the loop was 90 sec at 1.5 //min flow rate and 30 sec at 4.5 //min. Stirring of the liquid sodium seems to be sufficient for a sodium flow rate higher than 1.5 //min and ld values in Fig. 3 
V. CONCLUSION
A method for determining fission gas degassing constant, from liquid sodium to the :over gas, was investigated using the inpile fission product loop of the Toshiba training reactor. Degassing constant of xenon proluced by the decay of 135I in liquid sodium was obtained by the release rate ratio of 135 Xe to 135mXe to the cover gas of the inpile loop. Degassing constants of 2.6x10-3 to 1.2 x10-3 sec-1, which correspond to degassing half-lives of 4.4~9.6 min were obtained in the 390~240-C temperature range. Relative error of the obtained Ad values are estimated to be 40% for degassing half-life of 4.4 min and 20% for 9.6 min. Major error sources of this determination method are the deviation in the xenon release rate ratio and uncertainty as to the nuclear data on the branching of 135I decay to 135Xe. This method is found to be effective for determining the fission gas degassing constant, which has a corresponding half-life somewhere between several minutes to 40 min and will be useful for the study of fission gas transport phenomena in LMFBRs. 
